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March 17, 2000

Public Citizen
1600 20 Street NW
Washington, 0C 2000%-10C1

ATTN: Howard L. Sobel, M.D., M.P.H., M.S.
Research Associzate

Sidney M. Wolfe, M.D.
Director

Peter Lurie, M.D., M.P.H.
Deputy Director
Public Citizen’s Health Research Group

Gentlemen:

Your lettexry to Ann Brown dated February 24, 2000 has been
forwarded tc the Office of General Counsel for a determination of
whether 1t shculd be docketed as & petition for rulemaking.

ck

n

Your regquest for a ban of lead-contarning candles and w:r
scld for canale-making that centain lead has been decketed as =
petition under the Feceral Hazardous Subscances Act (FHSA). Ffer
the reasons explained belcw, the cther requests in your
submission have not been docketed as part of the petition. We
have elso recerved a joint request fcr a ban of lead i1in cancis
wicks from the Naticnal Aparztment Asssciraticn (WAA) and th
National Mult_ Housing Council (NMEC) accordingly, your raguss:
and theirs have teen docketea ccllectively as Pet:itzon No HE 00-
J.

The racalls ycu reguested would nct reguire rulemaking L2
implement Therefore, the Commission's procedural rulss for
petitions, at 16 C.T.R. § 1051, do not applvy to that request, &nc
tne regquest fcr racalls 1s not being docksced as part of the
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petition. This request will be consicered separately by CESC’'s
Office cf Comepliance.

Your request for a ban of canales in metal containers che:
contain lead has not been dockeced as 2 petition beczuse 1t cces
not meet the requirements of the Commissicn’s rules for
petitions. Specirfically, the submission does not contain
information on the risk to consumers from such candles and thus
does not contain facts showing that the ban Ls necessarzy. 18§
C.F.R. § 1051.5(a} (4). Further, 1t 1s not clear what produc:s
would be covered by this request. If you wish to supplement veous
submissicn in these regards, please dc s3c within 30 cdavs

The Office c¢f the Secretary will keep you advised of tne
status c¢f your petition.

Sincerely,

Stephen Lemberg
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February 242008 &
Ann Brown, Chairperson = ~
US Consumer Product Safety Commission
Washington, DC 20207-0001
Dear Chairperson Brown:

We are petitioning the Consumer Product Safety Commission to immediately ban and recall all
candles with lead-containing wicks, candles in metal comtainers that contain lead, and wicks sold
for candle-malding that contain lead as an imminent hazard to the public health on the grounds
that continued sale of these items violates provisions of the Federal Hazardous Substances Act
and the Consumes Product Safety Act. Additionally, we urge the Consumer Product Safety
Commission to warn consumers of the potential dangers from exposure to ambient air metals
emitted from candles containing metallic cores such as zinc or tin but do not contain fead.

In 1973, Public Citizen’s Health Research Group petitioned the Consumner Product Safety
Commission to remove candles with lead-containing wicks from the market.! However, 11 1974,
in lieu of 2 complete ban, the candle industry and CPSC arrived at a voluntary agreement to
immediately stop making candles with lead-containing wicks. Ta determine whether this
voluntary agreement has been effective, cspecially because of reports that these candles were
once again being sold, we conducted a survey this month of 285 types of candles in 12 stores 1
the Baitimore-Washington D.C. area. We found that 3% (9/285) of all types of candles on store
shelves had wicks containing significant quantities of lead, ranging from approximately 24,000
ug to 118,000 ug (33-85 percent lead by weight). Each of these 9 candles, when burned for 3
hours daily 1z a 15 ft. by 15 ft. by 8 ft. room, would result in average 24-hour air lead levels
ranging from 14-49 ug/m’, 9-33 times the EPA Air Quality Standard for lead. Other studies done
in the past two years found that candles purchased 1n Michigan and Florida alsc bad lead-
containing wicks. History has shown that the 1974 voluntary agreement has fmled. Furthermore,

'Public Citizen's Health Research Group, Letter to Richard D Stmpson, €hairman, Consumer Product Safety
Commussion, December 6, 1973

Ralph Neder, Founder
1600 20th Serewt NV« Waghington, DC 20009-1001 + (202) 588-1000 + wwwanzen ocg
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labeling of lead-containing candles will not suffice to protect the people most susceptible to lead
toxicity. fetuses, infants and young chuldren Even if all U.S. candle manufacturers, who
currently sefl $2.3 billion dollars worth of candles annually, ? stopped using lead now, millions of
candles with iead-containing wicks would remain on the shelves and imports would probably
continue or might even increase. These reasons necessitate a complete ban and recall of these
hazardous products.

At least one country has recently tackled this problem definitively. In September 1999,
Australian Minister of Financial Services and Regulation Joe Hockey ordered the ban of all
candles with wicks containing lead. He recognized that “Public heaith experts bave confirmed
that [ead emissions from any source pose an unacceptable public health risk and can result in
increased blood lead Ievels in unborn babies, babies and young childrern.... Public health experts
have confirmed that the candles pose a tisk to public health if burned in a confined space.™

In this petition, Public Citizen’s Health Research Group documents the following:

1. Candles with wicks containing lead are currently on store sheives and millions are sold
annually.

2. Burning candles with wicks containing lead causes high lead exposure botk throngh air
and surface contact.

3. The air and surface lead levels produced by candles with lead-containing wicks are
sufficient to significantly raise blood lead levels.

4, The increased blood lead levels from burning these candles can cause permanent deficits
in development, behavior, and intelligence.

3. Alternatives to lead-containing wicks exist.

6. Labeling will not adegquately protect candle-users. »

7. The Consumer Product Safety Act and the Hazardous Substances Act require the
Consumer Product Safety Commission to ban and recall these products.

BACKGROUND ON LEAD

Effects of lead exposure: Lead has been known to adversely affect health since antiquity.
Hippocrates (370 BC) noted lead to have caused a severe attack of colic.! The ruling class of
Romans was heavily exposed to lead through wares and lead in syrups used to sweeten wine.
Consequently, gradus} lead poisoning may explain the eccentric behavior and insemuty of many

XCandle ndustry facts The National Candlc Associaucn home page. Intarmot web site
(http /iwww.candles org/facts htm). National Candie Association, 1030 15th Street, Surte £70, Wasinington, DC
20005

*The Honorable Joe Hockey, The Miruster for Financial Services & Regulastion, Australis. Hockey Bans Laad
Candle Wicks. Press release, 9/1/499 Avalabie st hitp//www minfsr treasury gov.au/

*Hunter D The Dueases of Occupations The Enghsh Umiversities Press LTD, 4" od. p. 235, 1969.



FEB-24-2008 @2:38 PUBLIC CITIZEN 22 589 7796 P.g423

of the Roman emperors that ultimately led to the fall of the Roman Empire.® Similar exposures
may explain eccentric behaviors of the British ruling class in the 18* century.* More recently,
chronic lead exposure has been implicated in high blood pressure, digestive problems, nerve
disorders, memory and concentration problems, muscle and joint pain, ’ encephalopathy
(pathologic changes of the bramn) and death.' Furthermore, decreased mtelligence,’ nunor
antisocial behavior,” increased high schaol dropout rates," and impaired development,

f Emsley, J. When the Empire struck lead. The gradus) poisoning of the roling classes in ancient Rome with lead
may have caused the downfall of their empme Dud the British Empre suffer the same fate? New Scienust, 25
December 1986~ T January 1987, pp. 64-57.

5 Toud.

TConsumer Product Safety Commussion, Protect your family from lead in your bome, CPSC Document #426.
EPA747-K-94-001, May 1995.

! Klaassen CD Heavy metals and heavy-mietal antagonists, in Goodman and Gilman’s: The pharmacological basis
of therapeutics. 9™ ed. Chapter 66, p.1650-1652, Mc Graw-Hill, New York. 1996.

"Baghurst PA, McMichael Al, Wigg NR, et al, Environmental exposure to lead and children’s intelligence at the age
of seven years. The Port Pirie Cohort Study The New England Joumal of Medicine 327; 12791284, 1992

Dietrich KN, Berger OG, Succop PA, ct al. The developmeatal cansequences of law to moderate prenatal snd
postnatal fead exposure: Inteliectual attainmment in the Cincinnati lead study cohort following achool entry.
Neurotoxcology and Teratology 15-37-44, 1993,

Fulton M, Reab G, Thomson G, e sl. Influence of blocd lead ont the ability and sttainment of children in Edinburgh.
Lancet 1-1221-1226, 1987

Neadleman HL, Gatsorus CA. Low-leve] lead exposure and the 1Q of cluldren. £ meta-analysis of modom studics.
Journal of the Amencan Medical Associntion 263: §73-678, 1990,

Needleman HL, Gunnoe C, Leviton A, et al Deficits m psychologic and clessroom performance of children with
clevated dentine [ead levels The New England Journal of Medicine 300:689-695, 1979

Needieman HL, Geiger 3K, Frank R. Lead and 1Q Scores- A reamalysiz. Science 227, 701-704, 1984.

Schwartz J. Low-level lead exposure and ciuldren’s [Q. A mota-analysu and search for a threshold Envirommental
Research 65.42-35, 1994,

Tong S, Baghurst PA, Sawyer MG, et al. Declining blood lead levels and changes in cognitive function during
childhood. The Port Pirie Cohort Study Joumal of the American Medical Association 280 1915-1919, 1998

Tong S, Baghurst P, McMichae! A, et al. Lifetime exposure to environmental iead and children's mtefligence at [1-
13 years the Port Pine Cohort Study Britrsh Medical Joumnal 312 1569-1575, 1996.

"Needleman HL, Schell A, Bellinger D, et a! The long-term effects of expasurs to low dases of lead in childhood:
An 11-year follow-up report. The New England Journal of Medicine 322: 83-38, 1590.

“fnd, . -
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coordination,” learming' and reading'® occur at lead levels previously considered acceptable.

Routes of exposure to lead: In general, environmental {ead 1s either inhaled oringested. Lead in
candles can enter the blood by both routes The route of entry plays a major role in determining
the amount of Jead that enters the bioodstream.

The candlewick lead content and the percent lead vaporized determine the total lead emitted. In
the past, industry argued that icad in wicks does not vaporize. In 1974, Corning claimed that "at
candle temperature, lead vaporizes at the same rate as ice does at 13 degrees below 2er0.™'
However, twa studics, one by EPA in 1973 and another recent study, have shown that 20-35% of
the lead in pure lead candle wicks is vaporized. " '* The total lead emitted and the size and
ventilation of the room determine the ambient air lead concentration. The respiratory rates and
volume, time of exposure and ambient air lead concentration determine the amount of lead that
reaches the lung liming (the epithelium) and about 90% of that is absorbed into the blood."

2 Baghurst PA, Robertson EF, McMichael AJ, ot al. The Port Plrie Cohart Study- Lead effects oa pregnancy
outcome and early childhood develapment. Neurotoxicology 3: 395-402, 1987.

Mendelsohn AL, Dreyer BP, Fiarman AH, et al. Low-level lead expasure and cognitive development in early
chiuldhood. Journal of Developmental and Behavioral Pediatrics. 20: 425431, 1999

McMichael AJ, Baghurst PA, Wigg NR, et al. The Port Pirle Colvort Study: Environmentz! exposure to lesd and
children®s abulities at the age of four years. The New England Joumsl of Medicme 319: 468-475, 1988

Wigg NR, Vimpam GV, McMichael AJ, et al. Port Pirte Cohort Study: Childkood blood icad and
neuropsychological development at zge two years. Joumai of Epidemiology and Community Heafth 42: 213-219,
1982

B Dietrich KN, Berger OG, Succop PA. Lead exposurs and the motor developmental status of urban six-yesr-old
children i the Cincinpatt Prospective Study. Pediatcs 51: 301-307, 1993.

1“Nesdieman HL, Schell A, Bellinger D, et al. The long-term effects of exposure to low doses of lesd in chikihood:
An 11-yesr foltow-up report. The New England Journa) of Medicine 322- 33-88, 1990.

*Needleman HL, Schell A, Bellinger D, et al The Jong-term effects of exposure to low doses of lesd in childhood:
An 11-yesr follow-up report. The New England Journal of Medicine 322 83-88, 1990.

*“Press Release by Corning, Janvary 8, 1974

"Bridbord K, Medica] Officer Memo to Stanley Greenfield, Assistant Admimistrator for Research snd
Development, and Vaun A. Newill, Special Assistant 1o the Administrator Hazards of burmng candies with lead.
US EPA, Research Triangle Paric, December 14, 1973

"van Alphen M Emussion testing and inhalational exposurc-based risk assessment for candles having Pb [Jead]
metal wick cores Science of the Total Environment. 243-244 $3-65, 1999.

" Goyer RA, Toxic effects of metals. In Casarctt snd Doull’s, Toxicology, The Basic Science of Poisons. 4™ ed,
Pergammon Press, 1991
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Particulate airborne lead from burning candles settles as house dust. Children inhale and ingest
dust stirred during crawl and play. They track it on their hands or clothes, pick up dust-laden
objects and put them in thetr mouths. As lead tastes sweet, they may lick the dust from their
bands. Furthermore, most vacuum cleaners stir up huge dust loads.” Finally, ventilation duct
turbulence causes fine particulate matter typical of candle emissions, to become charged and
attracted to plastic surfaces. Krause notes that this matter particularly covers kitchen surfaces,
such as plastic utensils, ice cube trays and refrigerator/freezer surfaces.”

Additional lead exposure can occur from dust settling 1n food after being warmed by lead-
containing warming candles and, less likely, from children ingesting the wick.

Current Regulations: There are four relevant government standards referred to in this petition:

1. Blood lead leveis: The Centers for Disease Control and Prevention (CDC) currently
recomnmend keeping children’s blood lead levels below 10 ug/dl (100 mi): The CDC has
stated that no threshold is known below which lead is safe and that harmfixl effects may occur
at levels below 10 ug/dl, but that the body of information accumulated thus faris insufficient
to prove this ?

2. Average total daily dose of lead: The Consumer Product Safety Commission (CPSC)
recommends limiting chronic lead ingestion in children less than 6§ years old to less than 15
ug/day to prevent biood lead lcvels from exceeding 10 ug/dl®

3. Ampbient air lead level: The Environmental Protection Agency (EPA) ambient air guideline
for lead is 1.5 ug/m® > This level corresponds to an average total daily dose of inhaled lead of
30 ug for an average child less than 6 years old, # double what the CPSC reports as a safe
level. -

4. Surface lead levels: The U.S. Housing and Urban Development (H{UD) standard for surface
lead dust levels of carpeted or bare floors, window sills and window weils are 100 ug/fit?
(1075 ug/m?), 500 ug/f* (5400 ug/m*) and 300 ug/fi? (8610 ug/m?).”® As several studies have

® Lioy PH, Wainman T, Zhang J, et al. Typical houschold vacuum cleaners: the colisction efficiency and emissions
charscteristics for fine particles. Journal of the Air and Wasts Manage Association, 49:200-206, 1999,

¥ Krause D, personal communication, 10 Feb 99. Mr Krause has written a Master’s thesis on candle emissians.
2 U S Department of Health and Human Services, Public Health Service, Cesters for Disease Cantrol. Preventing.
lead powsoning in young children. pp. 7-8, October 1, 1991.

P Consumer Product Safety Commuission. CPSC Staff report on lead and cadmsum n children’s polyvinylchlonde
(PYC) products. Page 5. 21 November 1997.

* Code of Federal Regulations, Title 40~Protechon of Environment, Chapter I~Environmental Protection Agency,
Part 50, Sec 50.12 National primary and secondary ambient &ir quality standards for lead.

¥ Krause JD. Characterization of scented candle emissions and associated public health risks. Thesis. Deparrment of
Environmenta) and Occupational Health. University of South Floride August 1959.

* hupy/fwww hud.gov 8Q/lea/leach | pdf: Chapter ! Introduction Legrsiative Busis and Relationship to Federal
Programs and Regulations, In The Guxielines for the Evaiuation and Control of Lead-Based Print Hazaeds wt
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correlated high blood lead levels with these levels, the EPA is proposing lowering them to 50
ug/f? (540 ug/m’) and 250 ug/f* (2700 ug/m?) for bare floors and windowsills, respectively.”
Even the latter may not be sufficiently low. One study found that 20% of children living with
a lead dust level of 430 ug/m?® had blood lead levels above 10 ug/dl and that lower lead dust
levels predicted lower blood fead levels.?® Another study found that decreasing the lead dust
level from 240 ug/m’ (less than half the EPA recommendation) to 160 ug/m? reduced average
blood lead levels from 12.4 to [0 3 ug/dL,? still above the CDC levels.

1. Candles with wicks containing lead are currently on store shelves and millions are sold
annually.

In February 2000, Public Citizen's Health Research Group conducted a study of the lead content
of candles in the Baltimore-Washington area. We selected 11 chain stores and one dollar store to
represent the places where candles are most commonly purchased. These were: CVS Phammacy,
The Dollar Shop, Hallmark, Walmart, Kohl's, Bath and Body Works, The Body Shop, Hechit's,
Target, BY's Wholesale, Jo-Anne Fabrics, and Bed, Bath and Beyand. We excluded candle stores
because we believe that candles are more commonly purchased from non-specialty stores. (In
fact, candle stores may be more likely to sell candles containing lead-wicks because of the
properties lead confers on candles.) In each store, we selected one candle of each brand and type.
Examples of candle types are pillars, containers, votives, tea lights, and novelty candles.
Different colors, sizes and shapes of the same candle were considered a singie type of candle. For
each candle, we recorded the store name and location, manufacturer, candle type, and the
presence or absence of a metallic wick, We then purchased one candle of each type containing a
visible metallic wick. Each metallic wick was extracted from the wax, measured for length and
mass, and tested for lead using Inductively Coupled Plasma Spectroscopy (ICP) by a faboratory
accredited by the American Industrial Hygiene Association Enviranmental Lead Laboratory
Accreditation Program.™ The technique involves dissolving the samples in a known amount of
nitric acid, performing spectroscopy on the sohition, and companng the intensity of the lead lineg
with samples of known quantities of lead."

Thirty percent (86 of 285) of types of candies contained metallic wicks. We found that 10%

Housing, 1995.

* S Environmental Protection Agency. EPA Pact Sheet. Proposed ruls on identification of lesd-based pamnt
hazards #747-F-98-001, Junc 1998

¥ Lanphear BP, Weitzman M, Winter NL et al Lead-contamnated house dust and urban chuldren’s blaod lead
levels. American Journzl of Public Health 36 1416-21, 1996.

* Rhoads GG, Etunger AS, Weuse! CP, et aj The effect of dust lead control on biood lead in toddlers' a randomized
trial Pediatrics [03. 551-555, 1999

¥ Specimons were analyzed at RJ LeeGroup, Inc , Maonroeville, PA.

¥ Elements by ICP, Method 7300, Issue 2. [n NIOSH Manual of Analytical Methods (NMAM), 4* ed., August 14,
1994,
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(9/86} of candies with metallic wicks contatned lead for an overall prevalence of candles
containing lead of 3% (9/285) Table 1 shows that the total lead content of the nine candles
containing lead wicks ranged from approximately 24,000 ug to"1 18,000 ug, (accounting for 33%
to 85% of the weight of the metal in the candiewick). Assuming that only 20% of the [ead in the
candlewick is emitted into the air, this corresponded to 4700 ug to 24,000 ug of airbome lead
from a single wick. As the percentage of lead from a candlewick emitted into the aur ranges from
20-35%,® the actual amount emitted may be considerably higher. A typical rrom of 1S ft. x 15 ft.
x 8 ft. has a total volume of 51 m?. If these candles turned at a rate of 2 co/hour for three hours
daily (and were extinguished after 3 hours) in such a room with 25% per hour ventilation rates,
they would yield ambient air lead concentrations ranging from 14 to 49 ug/m®, which.is 9-33
times the EPA Ambient Air Quality Standard. If we assume instead that we burned the-candle
emitting the least lead under the same conditions, except that the burn rate is only 0.5 em/hour
(1/4 the original assumption), and that the room has a ventilation rate of 50% (twice the original
assumnption), we still get ambient air levels of 1.2 ug/m®, approximating the EPA. Ambient Air
Lead Standard.

Furthermore, lead exposure may occur due to dust and dust mey accumulate even with
vacuuming. Using van Alphen's assumption that between 5-10% of dust deposits on the floor, ©
and the results of Roberts et al. who found that only 10% of lead dust was trapped by
vacuuming,* even with weekly vacuuming, dust lead levels may reach 540 ug/m?, the proposed
limat set by the EPA.*

We found that 2 lead-containing candles were pillars, 6 were containers, and 1 was a votive.
None of the tapers, novelty or tea lights tested contained lead.

We are aware of one previous case study and two previous !eadwmkwwa!ence studies. In 1999
in Australia, van Alphen reported that 7 candles imported from Chins had almost pure lead-core
wicks (95-99% lead). That same year Nriagu and Kim purchased 14 candles with wicks

¥Bndbord K, Medical Officer Memo to Stanley Greenfield, Astistant Administrator for Research and
Development, snd Vausn A. Newill, Special Assistant (o the Admmistrator: Hazards of burcung candles wich lead.
US EPA, Rescarch Triangle Park, December 14, 1973

Van Alphen M. Emiasion testing and inhalational exposure-based risk assessnent for candles having Ph [lead] metal
wick cores. Scrence of the Total Environment. 243-244; 53-55, 1999.

¥ van Alphen M Emussion testing and mhalstional exposure-based nisk asscssment for candles having Pb metal
wick cores Science of the Total Environment 243-244: 53-65, 1999

M Roberts JW, Glass GL, and Spittler TM. Measurement of deep dust and lead in oid carpets. In: Mexsurement of
toxic and refated poliutants, Air and Wasts Management Assoc, Pitsburgh, pp.186-191, 1995

33 US Environmental Protection Agency. EPA Fact Sheet. Proposed rule on identification of lead-brsed paint
hezards #747-F-98-001, June 1998,

 van Alphen M. Emission testing and inhalarionnl sxposure-bused risk assessment for candies having Pb mewnd
wick cores. Science of the Total Environment 243-244- 53-65, 1999
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containing metallic cores 1n stores in Ann Arbor, Michigan. They reported that all 14 candles
with metallic wicks emitted lead during buring.” In August 1999, Krause purchased candles
with metallic wicks from every store selling candles in 2 mall in Tampa, Flonda. He noted that
each store was part of a different nationwide chain, He found that the 24% (5 of 21) of metallic
candlewicks that contained lead did so at levels of 1 25, 9.5, 14, 42, and 46 weight % lead.™ [n
an earlier study, he purchased 91 candles over a two-year period mn both Florida and California.
None of the 21 candles with metallic wicks and one with a memilic containers from California
emitted lead. However, 4 of 6 candles with metallic wicks purchased in Florida emitted lead.
Combining these results with previous work, he found that approximately 9 of 27 candles with
metallic“wicks contained fead. Al{ candles with wicks containing lead were purchased in
Florida.

Atkins and Pierce, the major U.S. manufacturer of all types of wicks, admitted that because some
candle makers kept using such wicks “since there wasn't an actual ban™, they resumed the
practice of making and selling wicks containing lead “in the late 70s or early 80s.”* The
company claims to have stopped the practice last year;" however, our study and others
demonstrate that candles with {ead-containing wicks are prevalent in many states,® Moreover,
lead-containing wicks for candle making are currently sold directly over the Internet @

"Nriagu JO, Kim MJ, Emissions of Lead and Zinc from Candles with Metai-Care Wicis. Science of the Total
Environment, in press, 2000

" Krause D, Personal communication, 26 Januery 2000

®Krause JD. Characterization of sceated candle enussiony and sssociated public heaith risks. Thesis. Department of
Environmental and Occupstional Health. University of South Flonda. August 1999.

Krause D Personal communication, 26 fanuscy 2000
*“Notes from the Meeting with CPSC snd National Candle Association on 12/15/99.
Niud

© Krause JO Charactenzation of scented candle emissions end associated public health risks, Thesiy. Department of
Environmental and Occupational Health. Unuversity of South Florida. August 1999,

Krause D Personal communicatron, 26 JTanuary 2000

Nragu JO, Kim MJ, Emissions of Lead and Z:nc from Candles with Metal-Core Wicks. Science of the Total
Environment, in press, 2000

van-Alphea M, Emission testing and inhalational exposura-based nisk assessment for candies having Pb metal wick
cores, Science of the Total Eavironment 243-244 53-65, 1999

= ? CANDLECHEM COMPANY, [nc http //Awww aleasoft. com/candlechem/
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Candle sales exceeded $2.3 billion last year.'* We estimate that over 300 million candles were
soldinthe US in 1999 based on our finding that the average candle costs $7.35 If 3% of the
candles sold contain lead, approximately 12 million candles sold in the Unitad States each year
contain lead, assuming our sample 1s representative of all candles sold.

2. Burning candles with wicks containing lead causes high lead exposure botk through air
and surface contact.
A. Ambient Air Exposure: The work of four groups of researchers discussed in this section
pertains to the high ambient lead levels that result from burning lead-wick containing
candles. The last study pertains to the resulting high surface lead concentration.

In 1973, immediately following our petition to ban lead wicked candles,” EPA resegrchers
determined that burning candles with lead-containing wicks exceeded the current EPA air
quality standard by over 10 times. In this experiment, they burned 4 candles with lead-care
wicks on a dining room table in a 10 square foot dining room and monitored air lead for

13 hours. Over this period, the air lead concentrations averaged 16 ug/m*—over 10 tmes
the current EPA air lead guideline. Their experimentsl apparatus was.unable to detect lead
in particles below 0.1 um and therefore the average lead concentrations may have been
tugher. The EPA researchers concluded, “Based upon these observations it would not be
unreasonable to expect average indoor air lead levels in the range of 10-20 ug/m® [6-12
times above EPA’s air quality standard] as a result of regularly burming candles with lead
wire core wicks in the home. Further. ..the remaining iead residue from these candles
could also be a hazard by inadvertent contamination of food or by being available for
children to ingest.™

From October 1997 until August 1999, Krause purchased 85 candles of which 21 had
metallic wicks and 1 had a contaiter in California and 6 from Florida for a total of 27
candles with metallic wicks and one with a metallic container. He burned the candlesina
chamber and characterized their emissions. For those candles containing metallic wicks,
he estimated exposure using his own model and using an EPA exposure model (US EPA
RISK V1.0 Indoor Air Quality Exposure Model), which produced similar resultg. Finally,
he calculated lead exposure for chuldren. None of the 21 candles with metallic wicks and
the one metallic container candle from California emitted lead. However, 4 of 6 candles

“Candle industry facts The Natlonal Candle Association home pags. Internet web site
(http/fwww candles.org/facts htm) Nationa! Candle Assoctation, 1030 15th Strect, Suute 870, Washington, DC
20005

“Public Citizen's Health Rescarch Group, Latter to Richard D Simpson, Chairman, Consumer Product Safety
Commission, December §, 1973.

“Bridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Administrator for Research and
Development, and Yaun A Newill, Special Asvistant 1o the Administrator Hauzards of buming candles with [ead.
US EPA, Research Triangle Park, December 14, {$73
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with metallic wicks purchased in Florida emitted lead. When burning one candie for 4
hours daily, he estimated that two of these candles would resuit in children under 6
inhaling an average daily dose of lead of 40 and 95 ug, respectively.*’ Both exceeded the
maximurm acceptable level recommended by the CPSC (15 ug) by several times.** A third
candle resulted in an average daily dose of 13 ug.”

In 1999 in Michigan, Nriagu and Kim burned 15 types of candles (14 purchased in
Michigan) with metallic wicks over 2 to 7 hours and measured the lead emitted into an
experimental chamber. Lead emitted after burning one candle in a typical room for 2 hours
extrapolated to air lead concentrations of 0.02 to 13.1 ug/m* with five candles exceeding
the U.S. EPA ambient air lead guidelme of 1.5 ug/m’.® However, 24-hour average air lead
concentrations were not calculated.

In 1999, Van Alphen burned seven candles with high lead content in an experimental
chamber to determine the amount of lead emitted. From this, he estimated average 24-hour
air lead levels. He reported that burning one candle with high lead content for 3 hours
could achieve a 24-hour average lead concentration of 10 ug/m’,*" aimost seven times the
EPA ambient air guideline of 1.5 ug/m’.

Therefore, three studies have shown that eprsodic birning of candles with a lead-core wick
can expase peaple to average ambient lead concentrations abave the limit set by EPA and
one study showed that inhaled lead exceeded the limits set by the CPSC for children. <

“Krause JD Charactenzation of scented candle emissions and assocmtnd public health risks. Thesis, Department of
Environmental and Occupationsl Health University of South Flonda. August 1999.

Personal communication with David Keause, 26 January 2000, "

“ Consumer Product Safety Commusion. CPSC Staff report on lead and cadmuum m children’s polyvinylchloride
(PVC) products, Page 2. 2] November 1997

“Krause JO Characterization of scented candle emussions and associated public heslth risks. Thesis. Department of
Environmental and Occupationat Health University of South Flanida August 1999.

“Nriagu JO, Kitm MJ, Emissions of Lead and Zinc from Candles with Metal-Core Wicks. Science of the Tatal
Environment, in press, 2000.

"'Van Alphen M Emussion testing and inhalational exposure-based risk sssessment for czndles having Ph [lead]
metal wick cores Science of the Total Environment. 243-244- £3-65, 1999

SBridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Admnistrator for Research and
Development, and Vaun A. Newill, Specml Assistant to the Adnunistrator Hazands of burng candles witls lead
US EPA, Research Triangle Park, December 14, 1973

Krause JD Characterization of sconted candle emusions and associated public health riskx. Thesis. Departiment of
Environmental and Occupations! Hezith. University of South Florids. August 1999

Van Alphen M, Emisston testing and inhalational exposure-based risk assessinent for canclles having Ph {fead} metal
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Thirty-five perceat of candles in the Michigan study exceeded the EPA standards;
however, Nriagu and Kim did not calculste 24-hour average air lead concentrations. ®

B. Surface Lead Exposure: Particulats vaporized lead cventua“.lly settles n the form of hause
dust and soot. Unlike ambient air lead, which requires a daily or weekly source to keep
levels high, surface lead may accumulate from infrequently burning candles even with
regular vacuurming, leading to ongoing exposure.’ Van Alphen reports that “A single 38
cm long candle (with high lead content] can emut 104,000 ug PE [lead] into the air, The
deposition of as little as 5 to 10 % of that onto the floor of a Sx§ mrooar wonld result in a
floor Pb loading of approximately 150 to 300 ug/in?. Such a floor loacing would readily be
associated with efevations in child blood lead.” ¥ Burning onfy two torfourof these
candles will result in surface lead concentrations exceeding even the EPA proposed limits
of 540 ug/m? for floor surface lead concentration.’® Recall that these limits are not
sufficient to protect children from high blood lead levels.”

3. The air and surface lead (evels produced by candles with lead-containing wicks are
sufficient to significanily raise biood lead levels.
A. Ambient Air lead: Exposing aduit males 23 hours per day over 18 weeks to air lead lovels
of either 3.2 ug/m’ or 10 ug/m’ inceased their blood lead concentrations by 12 ug/dl and
22 ug/d, respectively.™ The WHO reports that each | ug/m® ambient concentration of
lead contributes 1.9 ug/di of blood lead in children (approximately linearly in the lower
part of the range), but that inhalation is relatively less important in children compared to
ingestion. Thus, correcting for ingestion, the WHO estimates that each 1 ug/m® increase

wick cores. Sclence of the Total Environment. 243-244, $3-65, 1995.

Nrisgu JO, Kim MJ, Emissions of Lead and Zinc from Candles with Metak-Core Wicks. Scicnce of the Total
Envyonment, in press, 2000

 Roberts JW, Glass GL, and Spittler TM. Measurement of deep dust and lead in old carpots. In; Measurament of
toxic and related poliutants, Alr and Waste Management Assoc., Pittsburgh, pp. 186-191, 1995,

“Van Alphen M. Emission testing and inhalational exposure-basod risk amosyment for candles having Pb {lead]
metal wick cores. Science of the Total Environment. 243-244; 53-635, 1999.

% US Environmental Protection Agency EPA Fact Sheet Proposed rule on wdentification of lead-based paint
hazards

37 Lanphesr BP, Weitzman M, Winter NL et al Lead-contamiasted house dust and urban chikiren’s blood lead
levels American Journal of Public Health 86 1416-21, 1996.

Rhoads GG, Ettinger AS, Weisel CP, et 2l the effect of dust lead contro} onibk):od lesd m mddlers: z randomized
trial. Pediatrics 103, 551-555, 1999

Qniffin TB, Coulswon F, Wills H, et al Clinical studies on men continuously exposed & sitbormne particulute lead.
Environmental Quality and Safety Supplement 2 22140, 1975
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in ambrent air lead level contributes 5 ug/dl to the blood lead level.” Brunekreef critically

T reviewed 19 studies and found that in children the relationship between biood lead and
ambient air lead is logarithmic. In young children at blood levels less than 25 ug/dl, he
found that 1 ug/m’ increases in air lead concentrations contributed 3-5 ug/dl increases in
blood Icad level. At [ower air [evels, increases m exposire produce even greater increases
in blood lead levels. Brunekreef states that up to “a few ug/m’ ” each 1 ug/m’ can increase
blood lead levels by over § ug/dL.®

To our knowledge, only Krause and Van Alphen directly relate ambient air lead levels
emitted from candles to children’s blodd lead levels, Krause determined that burning the
candle with the highest lead content in his study for four hours daily may raise a 2-3 year-
old child’s blood lead leve! by 4.2 ug/di to 13.4 ug/dl. He determined this using the
Integrated Expasure Uptake Bickinetic Lead Madel, a model that calculates seyum lend
levels by incorporating parameters such as ventilation rates, baselipe indoor air lead
concentrations, time indoors, and oil and house dust concentrations. *

Van Alphen burned candles with wicks containing very high lead content to determine
the amount of lead emitted. From this, he cstimated average 24-hour air lead levels and
corresponding blood lead levels from bumning one candle for three hours uader varying
conditions including room sizes, ventilation rates, and rates of increase of blood lead
level for every unit increase in air lead level. Using a wide range of assumptions, he
estimated that burning one candle three hours per week will raise a child’s blood lead
level by 3-11 ug/dl above the unexposed baseline and that burning one candle daily could
raise it by 12-40 ug/dl. Ven Alphen concludes, “There is the potential for entire families
to have high Pb [lead] exposures because of such a Pb sourge. Where multiple Pb metal
wick care candles are burned ou a regular basis, for periods of >3 ta 6 hours, in poorly
ventilated settings, extreme levels of Pb exposure are possible. Clinical child Pb
poisoning and death could be predicted.”®

B. Surface lead. Rhoads et al. compared houschold lead dust Jevels to blood lead levels in
children randomized to groups where memnbers of the intervention group were instructed
to regularly clean their household to reduce lead exposure. Prior to the intervention, the

*“World Health Organizanon Guidelines for Ay Quality, 1999. Chapter 3 Health-based Guidelines, 41.

“Brunekreef B. The Relationship between Air Lead and Blood Lead 1 Children: A Critical Review Science of the
Total Environment, 38 79-123, 1984

®Krause JD Charactenzation of scented candle erissions and associated public heaith rizks. Thesis. Department of
Environmental and Occupational Health University of South Florida. August 1999.

Krause D. Personal communication, 26 January 2000

““Van Alphen M Emussion teating and inhalational exposure-based nsk asseszment far candley haying P metal
wick cores. Science of the Total Environment 243-244 53-65, 1999
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intervention group had a mean floor dust lead levet of 237 ug/m? and a mean blood lead
level of 12.4 ug/dl. After the intervention, their floor dust lead levels decreased to 163
ug/m’, and their blood lead decreased to 10.3 ug/dl The control group had floor dust lead
levels of 275 at baseline and 207 ug/m’ at follow up and the blood lead levels remained
constant at 11.6 ug/dL.®

As Van Alphen cstimated that burning one 38 cm long candle with a pure lead wick in a
5x5 m room will result in 150 to 300 ug/m’ surface lead dust levels on floors, infrequent
burning of these candles could easily accumulate lead sufficiently to cause elevated blood
lead levels.®

4. The increased blood lead tevels from burning these candles can cause permanent deficits in
development, behavior, and intelligence.

Most recent studies have shown that blood lead levels above 10 ug/dl adversely affect children.
Unborn and young children are particularly susceptible to even low blood iead Ievels. Placental
exposure may result in miscarriage or early neonatal death,* premature births™ and decreased
mental ability.”” For example, table 2 shows two longitudinal studies. Afteradjusting for
confounding, Bellinger et al. showed that infants previously exposed to umbilical cord blood lead
levels of 10 ug/dl or greater performed 5 8 points lower at six months and 7.3 points lower at

O Rhoads GG, Ettinger AS, Wersel CP, et al the affact of dust lead control on blood lead in toddlers 2 randommized
trial. Pediatrics 103: 551-558, 1999,

“Van Alphen M Emisyion testing and mhalational exposure-based risk assessment for candles having Pb [ lead]
metal wick cores Scicnce of the Tote! Environment. 243-244- §3-65, 1999,

“Wibberley DG, Khera AK, Edwards JH, et al. Lend Jeveis in human placeatse from normal and malformed births,
Journal of Medical Genetics 14+ 339-345, 1977

“Baghurst PA, Robertson EF, McMichae] AJ, et al. The Port Pine Cohart Study: Lead effects on pregnancy
outcome and eariy childhood development. Neurotoxicology 8: 395-402, 1987.

“Bellinger DC, Needleman HL, Leviton A, et al. Early sensory-motor development and prenatal exposure to lead.
Neurobehavioral Toxicology and Terstology 6- 387402, 1984

Bellinger DC, Leviton A, Waternaux C, et al. Methodological issues in modeling the relationship between low-
ievel lead exposure and mfant development” Examples from the Boston Ieul xtudy Environmental Research 18:
119-129, 1985,

Bellinger D, Loviton A, Needleman HL, et al Low-level lead exposure and mfant development in the first year.
Neurobshaviors] Toxicology and Teratology 3. 131-161, 1986

Bellinger D, Leviton A, Watemaux C, et al. Longitudinaj analyses of prenstal and postnata! tead exposure and egrly
cognitive development, The New England Journal of Medicine 316: 1037-1043, 1987,

Dhetrich KN, Krafft KM, Bomschein RL, et al Low-leval fetzl lead axposure sffect an neurobehavioral
development (1 early infancy Pediatrics 80- 721-730, 1987
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twelve months on the Mental Development Index (MDI) of the Bayley Scales of Infant
Development than those with blood levels less than 3 ug/dl. ® The MDI is a commonly used test
based on the IQ scale for assessing early cogritive development.” In a second study, mean Jevels
were 8.0 and 6. for maternal blood and umbilical cord blood, respectively. No blood levels were
above 30 ug/dl. After adjusting for confounding, for every ug/dl increase in blood lead, there was
a 0.34 point decrease in Bayley MDI score. ™ In summary, both studies found that at each level,
as the umbilical cord blood or maternal blood lcad level increased over a range starting well
below 10 ug/dl, performance on a developmental test declined.

Lead has also been implicated in prematurity. Ons study found that those with maternal blood
lead levels of greater than 14 ug/dl had 4.4 times the risk of prematurity of thase with blood lead
levels less than § ug/dl.”

There is evidence that damage caused by low-level lead exposure in children becomes evident at
an early age and persists into adulthood. Tables 3 and 4 show that, after adfusting for
socioeconomic factors and other potential confounders, this damage includes deficits in
development, intelligence, learning, and behavior in early childhood-preschool children,”?
school-aged children,™ and young adults.™ Table 3 shows that incremental increases in blood

“Bellinger DC, Laviton A, Needleman HL, ot al. Low-level lead exposurs and infant development in the first yeas.
Neurobehavioral Toxicology and Teratology 8* 151-161, 1986

“ Bayley N. Bayley Scales of Infant Development. New York, The Psychologica] Corporation, 1969.
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development in early infancy Pedintrics 80: 721-730, 1987.

"Baghurst PA, Robertson EF, McMichael AJ, et al, The Port Pirie Cohort Study: Lead effects an pregrrancy
outcome and carly childhood development. Nearotoxicology 8§ 395402, 1987.

™ Baghurst PA, Robertson EF, McMichae] AJ, &t al. The Port Pme Cohort Study: Lead effects on pregnancy
outcome and early childhood development, Neurotoxicology 8 395402, 1987

Mendelsohn AL, Dreyer BP, Fierman AH, et al. Low-level lead exposure and cognrtive development in earfy
chilghood Journal of Developmental and Behavioral Pediatrics 20: 425-431, 1999.
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children’s abilities at the age of four years, The New Engiand Journa! of Medicine 319: 468-477, 1988
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lead over a range from 0 to 67 ug/d| at six months of age predicted poorer development and
copnitive function in preschoolers using the MDI. Most children in these studies had biood jead
concentrations below 30 ug/dl.” For example, Mendelsohn et al. found that children with blood
ievels between 0 and 9.9 ug/dl had 6.2 points higher MDI scores than children with biood lead

levels between 10 and 25 ug/dl.™

Dietrich KN, Berger QG, Succop PA, et al. The developmental consequences of low ta moderate prenaml and
posinatal lead exposure. Intellectual sttmnment m the Cincinnati lead study cohort following schoal entry,
Neurotoxicology and Teratology 15 3744, 1993.

Fuiton M, Raab G, Thomson G, et al. Influence of blood lead on the ability and attainment of children in Edinburgh
Lancet 1° [221-1226, 1987,

Needleman HL, Gatsonis CA. Low-level lead exposurs and the IQ of children. A meta-snalysis of modern studies.
Journz! of the Amencan Medical Association 263: §73-678, 1990.
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elavated dentine lead ievels. The New England Joumnal of Medicine 300; 689-693, 1979.

Needleman HL, Geiger SK, Frank R. Lead and IQ Scores: A reanalys:s. Science 227, 701-704, 1985.

Schwartz § Low-ievel lead expasure and children’s IQ: A meta-anaiysis and search for a threshold. Environmental
Research 65: 42-55, 1994,

Tong S, Baghurst PA, Sawyer MG, et al. Declining blood lead levels and changes in cognitive function during
childhood. The Port Pirie Cohort Study. Journal of the Amencan Medical Association 280: 1915-1919, 1998,

Tong S, Baghurst P, McMichael A, et xf, Lifetime exposure to environmental léad and children's inteDigence at 11+
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Table 4 shows that increases in bload lead levels in the range of 0 to 39 ug/dl at ages from birth
to 6 years of age continue to predict impaired cognitive function into school age (6.5 to 13 year
olds). Measures used to assess lead exposure include a singie blood lead level, average lifetime
blood lead levels, and dentin tooth lead levels. Lead in dentun shed from primary teeth (incisors),
in bone, and average lifetime lead, consisting of 22 blood lead levels drawn over the first six
years, are long-term measures of blood lead. ” Higher biood icad levels, average lifetime blood
lead levels or dentin lead levels predicted poorer IQ (or other intefligence) scores, ™ number
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skills, ™ word reading, ™ and fine and gross motor development. ®* Additionally, children with
average lifetime blood lead levels greater than 15 ug/dl had more attention problems, delinquent
and aggressive behawior, social problems, anxiety, depression and withdrawal than children with
blood lead levels below 15 ug/dl. ® Similar results were found for high bone lead levels.® For
example, Schwartz conducted a meta-analysis and found that for an increase of blood lead from
10 10 20 ug/d), there was a decrease in 1Q of 2 6 points. The studies with average blood lead
concentrations of 15 ug/dl or lower had higher estimated decreases in IQ per unit increase in
blood lead, Further analysis led him to conclude that there was no evidence of a threshold even
down 10 1 ug/dl. ¥ Another study found that children with average lifetime biood lead levels of
less than or equal to 10 ug/dl had 7 points higher IQ scores than children with blood lead levels
above 20 ug/dl. ¥ Anather study in Table 4 shows that blood lead levels alsorcarrelate negatively

Lancet 1' 1221-1226, 1587.
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Research 65. 42-55, 1994,

Tong S, Baghurst PA, Sawyer MG, ot al. Declining blood iead levels and changes in cognitive function during
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with motor development. Six-year oid children were divided into four quartiles according to their
average hfetime blood lead Jevel. The lowest group had a level of 5-9 ug/dl and the highest group
had a level of 17-39 ug/dl. After adjusting for confounding, children with blood lead levels in the
lowest quartile exhibited the best motor development and those in the highest quartile exhibited
the worst motor development.” ’

These problems continue into adulthood, Needleman et al. collected primary teeth from chuldren
over an eleven-year period. He found that after adjusting for confounders, 18 yearolds who had
previously shed testh with dentin lead levels greater than 20 parts per million were 7.4 tmes
more likely to drop out of high school, 5.8 times more likely to have a reading disability, had
lower grammatical reasoning and vocabulary and had longer reaction timeg than those with
dentin lead levels below 10 parts per million.”

Low-leve] lead exposure is also associated in aduits with increased blood pressure, ™ renal
umpairment, ® and gout.”

5. Alternatives to lead-containing wicks exist.
Cored wicks are used in long-burning scented candles with self-supporting wicks in containers,
votives, pillars, and novelties. " Metal cores in wicks are used to prevent the wick from bending
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and extinguish in the molten wax of the candle. However, alternatives exist, including cotton and
paper corc-wicks that remain erect during burning ™ Waxing the wick prior to candle-making
constructs a sturdier wick.™ Leaded wicks also burn more slowly and evenly. However, Krause
indicated that 4 of 5 votives (2 in. candles burned in pans} with lead-containing candlewicks
burned almost completely in 2 hours despite being advertised to burn for 15 hours.™ Thus this
assertion scems questionable. Finally, in our study, lead-containing wicks were a fraction of
those not containing lead for every type of candle proving that the alternatives are viabie options.

6. Labeling will not adequately protect candle-users.

Some public health risks are tao great to be handled by labeling. This is one. Besides, there are
no public health benefits to lead-containing candles. Furthermore, the mmst at-risk papulations,
fetuses, infants and young children, do not choose whether a candle fs burned. Labeling may
ward off some from the danger of burning candles with lead-containing wicks, but it will not
protect children, particularly if their parents cannot read or comprehend the wamning. The only
solution is to completely ban candles containing leaded wicks. Finally, as millions of such
candles are sold each year because they are currently on store shelves, you must immediately
order a recall of candles with lead-containing wicks.

7. The Consumer Product Safety Act and the Hazardous Substances Act require the
Consumer Product Safety Commission to Ban and Recall these products.

The provision of the Consumer Product Safety Act conceming “imminent hazards™ posed by
products as the basis for the Commission to issue a recall of lead-containing candles operates
where products present "imminent and unreasonable risk of death, serious illness, or scvere
personal injury.® 15 U.S.C. §2061(a).

Qur study showed that the burning of presently-available lead-wicked candles, with wicks
containing from 33% to 85% lead, could result in air lead levels as high as 50 ug/ or’, well in
excess of the 1.5 ug per cubic meter EPA guideline for air lead levels. The Van Alphen study
cited on pages [1-12 concluded that burning one high lead candle for three hours could achieve
an average 24 hour air lead concentration of 10 ug per cubic meter, more than six times in excess
of the EPA's ambient air guideline of 1.5 ug of l¢ad per cubic meter. EPA's awn earlier research
found that burning candles with lead wicks also resulted in air lead levels similarly in excess of
the EPA guideline. That air lead Jevels resulting from burning such candles can cause a
dangerous increase in blood lead levels in chuldren was determined by the aforementioned
research of Van Alphen who estimated that burning one lead-wicked candle for three hours per
week could raise the blood lead level in children by 3-11 ug/dl above what the levels were before
exposure. For mapy children, this would raise their blood lead levels to well above 10 ug/dt,
levels which both the Consumer Product Safety Commission and the Centers for Disease Cantrol

21bid
Plod.
* Krause D Personal communication, February 11, 2000,
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and Prevention have found to be dangerous. Additional lead exposure to children can occur from
the ingestion of lead-containing dust from the buming of the candles which settles in rooms
where candles are burned.

All of these findings clearly demonstrate that lead-based wicks in candles pose an imminent nsk
of injury. Although the manifestations of exposure to lead may not be immediately apparent--as
in the ultimate fowering of IQ in lead-exposed children—the legal standard is imminent risk, not
imminent injury.

The provision of the Consumer Product Safety Act pertaining to *benned hazardous products™
authorizes the Commission to initiste rulemaking to ban consumer products that present an
“unreasonable risk of injury” where "no feasible consumer product safety standard...would
adequately protect the public from the risk of injury associated with such product” 15 U.S.C.
§2057.

Finally, the Federal Hazardous Substances Act's "imminent hazard® provision, 15

U.S C. §1261(q)(2), authorizes a ban only as a temporary remedy during the course of regulatory
proceedings. However, Section 1261(g)X1) empowers the Commission to classify household
products as “baaned hazardous substances,” as a permanent designation, upon a finding that “the
degree or nature of the hazard involved in the presence or use of such substance in households is
such that the objective of protection of the public health and safety can be adequately served®
only by a ban. 15 U.S.C. §1261(q)1)(B).

Several years ago, the CPSC asked manufacturers of vinyl miniblinds to stop using lead in the
production of these blinds becguse of the "lead poisoning hazard” they posed to children. The
CPSC found that *in some blinds, the levels of dust (from the detesioration of the blinds] was so
high that a child ingesting dust from less than one square inch of blind & day for about 15 to0 30
days could result in blood levels at or above the 10 microgram per deciliter amount CPSC
considers dangerous for young children.® (CPSC Press Release, June 25, 1996)

In summary, the Consumer Product Safety Commission has the legal authority, under the
Consumer Product Safety Act and the Hazardous Substances Act, to immediately ban the
manufacture, stop the importation and order the recall from all channels of commerce of all
candles with lead-containing wicks and all lead-containing wicks sold for subsequent
incorporation into candles. Any failure to do so will coatinue to jeopardize the health of mullions
of people, including tens 1f not hundreds of thousands of children by exposing them to the
completely unnecessary risks of lead poisoning.

Lead-containing wicks are a dangerous product. Through this petition, we hiave demonstrated
that candles with lead-containing wicks are present on store shelves despite tive voluntary
agreement between the candle industry and the CPSC. We have shown that the candles with Iead-
wicks emit sufficient lead to exceed EPA air lead standards, ¥ HUD floor surface lead

*Bridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Adwisnistrator for Resesrch and
20
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&
concentrations™ and the CPSC's own recommendations for maximal fead intake by children. ™
Furthermaore, we have demonstrated that the concentrations attained by burning these candles can
raise children's blood fead levels sufficiently to impair intelligence and cause behavioral
problems. ™ Finally, we have shown that 3% of candles have high lead content. In 1974, Russell
Train, then Administrator of EPA, stated “Inhabitants of homes in which lead-wicked candles are
burned could be exposed to substantial incremental quantities of lead which, 1f continued on a
regular basis, would pose a significant risk to health especially among children with already
elevated lead body burdens. In my opinion candles represent an unnecessary incremental ssurce
of lead that can readily be controlled.™ His concern is as relevant now as it was then.

Development, and Vaun A, Newiil, Special Assistant to the Administrator: Hezards of burning candles with lead.
US EPA, Research Trangle Park, December 14, 1573,

Krausa JD. Characterization of scented candle emissions snd associated public hesith nsks. Thesis. Deparguent of
Envionmental and Gecupational Health. Usiveruty of South Floride. August 1999,

Van Alphen M. Emussion testing and inhalational exposure-based nisk gssesyment foc camdles having Pb [lead] metal
wick cores. Science of the Tota] Environment, 243-244; 53-65, 1999

Code of Federal Regulations, Title 40--Protection of Environment, Chapter 1~Environmenta] Protoction Ageacy,
Part 50, Sec 5D 12 National peimary and secondary ambiant air quality standards for lead.

* Van Alptien M. Emission testing and inhalationul exposure-based risk sssessment for candles having Pb [lead]
metal wick cores. Science of the Total Environment. 243-244: 53-65, 1999

http:/fwww.hod. gov-80/ieaTosch | pdf, Chagter 1 Introduction Legislative Basis and Relationship to Federal
Programs and Regulstions. In The Guidelines for the Evaluation and Control of Lead-Dased Paint Hezards 1n
Housing, 1993%.

¥ Consumer Product Safety Comnussion. CPSC Staff report on lead and adm:um in children’s polyvinylchiorile
(PVC) products Page 3. 21 Navember [997,

Krauss JD. Characterization of scented candle emissioss and associated public health risks. Thesss. Department of
Envizonmental and Occupational Health. University of South Florids. August 1999,

*Bridbord K, Medica! Officer Memo 1o Stanley Greenfleld, Asistant Admmnistrator for Ressarch and
Development, and Vsun A. Newill, Special Assistant to the Adminisgrazor: Haurdu of burning candles with jead.
US EPA, Research Triangle Park, December 14, 1973,

Krause JD Charscterization of scented candle emissions and associated public heaith risks. Thesie. Department of
Environmentai and Occupational Health, Unuverssty of South Flonda, August 1999,

Van Alphen M Emssion testing and inhalational exposure-based risk assessment for candles having Pb [leacd] motal
wick cores. Science of the Total Environment, 243-244' 53-63, 1999

Consumer Product Safety Commyssion. CPSC Staff report on lead and cadmium in children’s polyvinyichloride
(PVC) products Page 2. 21 Novemnber {997

Pletter 10 Mr Simpson, Charmtan of CPSC, from Russell Tram, Adminustrator of EPA, Merch 1974.
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The Consumer Product Safety Commission has a clear mandate to protect the American public
from these hazardous products. i

Sincerel)'|

Director

L L

Peter Lurie, M.D., M.P H.
Deputy Director
Pubiic Citizen’s Health Research Group

Sidney M. Wolfe, M.D6
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Table 1. Lead content of lead-containing candles purchased for February, 2000 Health
Research Group candle study.

Average 24-hour | Multiples of EPA

Total lead emitted Air lead levels Ambient Air Lead

Total lead in wick (ug) | from wick (ug)™ _(ug/m’)™ Levels of 1.5 ug/dl
394000 ~7880.0 193 13
63058.0 13ait 6 250 17
117935.5 23587.1 43 29
66956.5 133913 49.2 33
321129 64226 172 | 11
37795.3 7559.1 222 15
62152.2 124304 22.8 15
25785.7 5157.1 15.2 10
23618.4 4723.7 13.9 9
Average: 17
Median: 15

"% Assumes that only 20% of lead 1n candlewicks is emitted. In previous studies, the actunl anrount emitted into the
air ranged from 20 to 35%.

1o First, the amount of lead enutted per cm was caiculated, We sssumed the burn rete was 2 cmvhour and that people
burn candles only for 3 houry and then extinguith the candle Other assumptions mciude that the venhistion rates
are 25% per hour and that the room dimensions are 15 £, x 15 £ x 8 ft which converts to 51 m?. We then calculated
lead concentrations for each of 24 hours.

For the first hour, the concentration waa the lead/cm times 2 conhour nimes 20% (giving the total lead emitted
during the first hour) divided by 51 m’, the totel volume of the room. We then multiply this concentration by 0.75,
because 25% 13 exchanged per hour.

For the second and third hour, it was 75% of the lead concentration at the end of the previous hour plus the newly
emitted lead which is the lead/cm times 2 cm times 0 2 divided by 51 m?, as before.

For the fourth to 24" hour, because the candie was extinguished, the lead concentrations decrease by 25% of the
value at the end of the previous hour each hour,

Finally, the hourly Iead conceniration were added and divided by 24 hours to detenmme the average concentranon.

A Microsoft Excel Spreadsheet was used to perform these calculations.
23
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Table 2. Companson of prenatal exposure to low-level lead with clinical effect.

Cluncal effect Lead Exposure Level Study ﬂnding_
la Utero Exposure Placontal lead “Placental lead concentration 1s lawer
Placents! lead in 0.93 ug/p in placentas of children who
Normai Birth 145 survived the neomztal period than
Miscarriage 173 these wha did not. '

Early Neonatal Death

Premature birth > 14 ug/dl ve. <8 ug/di maternal 4 4 nmes the nsk of premature
blood lead concentration 2t delivery. | delivery imhigh cormparad to the
low blood lead group. '™

"Wibberley DG, Knera AK, Edwards JH, et al Lead levels in human placentae from normsl and maiformed bixthe.
Journal of Medcal Genetics 14 339.345, 1977. )

OBaghurst PA, Robertson EF, McMichael AJ, ot al. The Port Piris Cohort Study: Lead effects on pregnancy
outcome and early chuldhood development. Neurotoxicology 8: 395402, [987.
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Decreased mental of t <3 ug/dl, 6-7 ug/dl, and >10 ug/dl | Highest cord blood lead level group
cognutrve development | uribilical cord blood performed 4-8 points lower on the
Bayley Scaie of Infant
Development-Montal Development

Index with incremental increase of
umbilical cord blood level '™

4 5 ug/dl (mean) i utero blood tead, | For cach 1-ug/di mcrease m biood
maximum <30 ug/dl lead level, the MDI decressed 034
points (9.2 points across the range).

™Bellinger DC, Needleman HL, Leviton A, et al. Early sensory-motor deveiopment and prenatal exposure ta lead.
Neurobehaviaral Toxicology and Teratology 6. 387-402, 1984.

Bellinger DC, Leviton A, Watemnaux C, et al. Methodological 1ssues in modelng the relationship between low-level
lead exposure and infant development: Examples from the Boston fead study, Environmental Research 33: 119-129,

1985

Belinger DC, Leviton A, Needleman HL, et al. Low-level lead exposure and mfant development in the first year.
Neurobehavioral Toxiwcalogy and Teratology &: 151-161, 1986.

Bellinger DC, Leviton A, Waternaux C, et al. Longitudinal analyses of prenatsl and postnutal lead exposars and
carly cognitive development, The New England Joumal of Medicine 36: 1037-1043, 1987,

** Diemich KN, Krafft KM, Bornschein RL, et al, Low-level fetal jead cxposure effect an neurobefiavioral
development n early infancy Pediatrics 80. 721-730, 1987
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Table 3 Comparison of post-natai exposure to low-level lead with clinical effect in preschoolers.

" [Lead Exposurs Level Age Effect

2 1.9 point decrease in scores of the Mental
14-22 ug/dl blood level Development part of the Bayley Scales of Infant
Compares lowest quartile Development for every 10 ug/d! increass in blood
to highest. . lead over the range of 14-22 ug/dl. '™
10, 18.4,29.9 ug/dl 2 1.6 point decrease 1n scores of the Mental
mtegrated postnatal blood Developntent part of the Bayley Scales of Infant
lead. Development for every 10 ug/d] increase in blood

lesd for levels <30 ug/dl, 'Y’

0-9.9 vs. 10-24.9 ug/dl 1-3 Higher blood lead group had 6.2 points fower
blood lead. scores of the Meutal Development part of the

Bayley Scales of Infant Development than the
lowsr blood group '

5-57 ug/d! blood lesd 4 Incremental increases in blood lexd level from 10
to 30 ug/d corresponds to & decrease of 7.2 units
of the Generul Cognitive Index. Memary also

impaired. 1

'™ Baghurst PA, Robertson EF, McMichael AJ, et al. The Poct Pine Cohort Study: Lead effects on pregnancy
outcome and ear]y childhood development. Neurctoxicology 8. 393-402, 1947.

' Wigg NR, Vimpani GV, McMichae! AJ, et al. Port Pise Cohort Study Childhood blood lead and
neuropsychological development at age two yoars. Journal of Epidemiclogy and Community Heaith 42: 213-219,
1988.

DL 1Y
' Mendelsohn AL, Dreyer BP, Frecman AH, et al. Low-level lead exposure and cogauive development in early
childhoog. Joumal of Developmental and Behaviora] Pediatrics 20. 425-431, 1999.

" McMichael AJ, Baghurst PA, Wigg NR, et g! The Port Pinie Coliort Study: Environmenm!{ exposure to lead and
children's abilities at the age of four years The New England Journal of Medicine 319. 468-475, 1988,
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Table 4. Comparison of post-natal exposure to low-level lead with clinical effect in school-age
children

Lead Exposure Level | ... | Effect

T

>24 PPM vs. <6 PPM lead | 7-8 Higher lead levels corresponded to poorér performence on test of {Q, auditory
n dentin and verbal processing, attention, and téachers behavioral rating. (1* and 2
10

graders) .

6-100 ug/dl blood lead lead | Meta- | 11/12 studies empjoymg muitiple regru_swn found that mcreaning bicod or
2.4 ta >150 PPM taoth analy | tooth lead levels were associated with lower 1Q." 1

lead levels ns

10 groups with mean blood | €-9 Overall ability und attainment, and specifically, number skills and word
lead levels from 5.6-22.1 reading decreased with increasing blood lead concentration. '

ug/dl

0-10, >10-15,>15-20,>20 | 6.5 1Q is 7 paints lower in the lowest than the highest lead group, 'Y
ug/dl averago lifehmo

| blood lead. — -
7.5-30 ug/dl average 7 1Q decreases approximataly § points for increases of blood lesd from 1010 30
hfeume lead level ug/di '
T1-18.6 ug/di average 1113 | Cogniuve deficrts in children whase blood lead concentration was high
lifetime lead level improve only partafly with a subsequent decline of blood lead level. s
11-18 6 ug/dl average 11-13 | Mean iQ decressed 3 points for en increase i blood lexd fevel froo 10 ug/dl |

lifetime lead level

" Needleman HL, Gubnos C, Loviton A, et al. Deficrts in psychologic and cisssroom performance of children wath
elevated dentine lead levels. The New England Journat of Medicine 300-689-695, 1979
Needleman HL, Geiger SK, Frank R. Lead and [Q Scores: A reanalysis. Sciencs 227, 701-704, 1985,

1! Needieman HL, Gatsonis CA. Low-level iead exposure snd the iQ of children. A mets-analysts of modern
studtes Journal of the American Medical Association 263 §73-678, 1990,

'2 Fulton M, Raab G, Thomson G, et al. [nfluence of blood lesd on the ability and sttainment of children in
Edinburgh. Lancet 1, 1221-1226, 1987

‘" Dietrich KN, Berger OG, Succop PA, et al. The developmental consequences of low to moderats prenstal sad
posmatal lead exposure: Intellectual atainment in the Cincinnati lead study cohort following school entry
Neurctoxicology and Teraiology 15. 37-44, 1993

"“Baghurst PA, McMichael AJ, Wigg NR, et gl. Environmental exposure o fead and children’s intelligence at the
sge of seven years, The Port Picie Cohort Study. The New England Journal of Medicme 327: 1279-1284, 1992

' Tong S, Baghurst PA, Sawyer MG, et al Dscliming blood lead levels and changes in cognitive function during
childhood. The Port Pine Cohart Study Journal of the American Medical Associstion 280: 1915-1919, 1998,

"¢ Tang S, Baghurst P, McMichael A, ctal Lifetsme exposure to environmentat lead and chuldren’s iatelligsnce at

27
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ta 20 ug/dl. "
>15 vs <15 up/dilifeime | 11-13 | Higher lead lavels were associated with hugher behavioral problem scare.
average lead level. Bays hod higher atteption problems, delinquent behavior, and aggressive

behavior Girls had these and additionsity Rad higher social problems,
anxrety/deprassion, snd withdrawal. 'V

$9, 9-12,13-17, 17-39 6 “Fine and gross motor development decrease with Increasing average biood

ug/d! average lifetime Jead level. (6 year olds) "**
blood lesd . _
Mean blood Jead levels of | Mets- | An incregse from 10 to 20 ug/dl reduces [Q by 2.6 pownts. There 1s no
1123 ug/dl analy | threshold Decreases in 1Q contimue to below 5 ug/dl. *'®
513
Quintiles according fo 7 Higher bone lead levels were associted with higher risk of antisocyat and
Bone lead levels by delinquent behaviar. '*
backscattered Xray peak
intensity vs. standards.

11-13 years: the Port Piria Cohort Study. Britsh Medscal Journal 312, |565-1575, 1996.

7 Burns JM, Baghurst PA, Sawyer MG, et al. Lifetime low-level exposure to envvuonmental lead and children’s
emotional and behavioral development at ages 11-1] years, The Port Pine Cohort Study. Amencan Joumnal of
Epidemuwology 149: T40-749, 1999

" Dietrich KN, Berger OG, Succop PA Lead exposure and the motor develonmental stutus of urham six-year-old
childeer in the Cincinnat Prospective Study Pediatnics 91 301.307, 1993

" Schwartz ) Low-leve! lead exposure and children’s IQ A meta-analysis and search for & threshold.
Environmental Research 65° 42-55, 1994

"®Needleman HL, Riess JA, Tobin MJ, ot 2. Bone lead levels and delinquent behavior, Jourmmi of the American
Medical Association 275 363-369, 1995
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DeAke 4 oRat U 8. Consumer Products Safety Commission o Ra ; 7
TUCTQ WY e 4330 East West Highway :: &‘5
— m' N' e Bethesda, Maryland 20814 i ‘_;-;:T_T-,_
cominwelll > =2
SONALD E. ZUEACK Dear Chairman Brown, Ty
SER Bury Avvwvas, lna. & =<

The National Apartment Association (NAA) and the National Murtgiousmg
ONT LESRELATVE STARY Counen (NMHC) represent the owners, managers, developers and financiers
g::"v,ﬂ,gg“,g of the majority of the nation’s multifamily rental housing units. Qur memblers
odmasr levum bear & strong commitment to safe, affordabie and accessible housing and as.
VR Pt o T such, respectfuily ask that you ban the use of lead in candlewicks based on
om0 oury the hazard they pose to health, particularly that of children.

reanrmem "0 Scientific analyses indicate that candles manufactured the in the United

suea w a3 States and China often contain wicks that have lead cores. When these

Pacrems Mmuaan candles are bumned, a significant portion of the volatized lead is released into

mencumo  the room's airspace resulting in toxic levels of lead expasure. According to a

quomans unom study conducted by Professor Jerome Nriagu, of the University of Michigan in
Pamen o+ oma uo Funit. At Arbor, the burning of candles containing lead wicks, under conditions of

e amecn TOMMal use, can result in more than a 30-fold incréasea over the arrbome levels

QD & S considered as be safe by the U.S. Environmental Protection Agency (EPA).!
Vo Pemeier or Sputig Houmes
gl Additional information on this matter has been published by Dr Mike van

Alphen in the journal, The Science of the Total Environment, (attached) which
e wan e e, (NdICates that the lead which is released as a result of candle buming s in a
SARY T RACUCLRAN chemical form which s highly biologically available to those who come in
contact with the lead particles. According to this analysis, not only is the lead
in its aerosolized form likely to pose a significant poisoning potential for
chnidren but the lead particles which will uthmately seitle out as house dust,
e ivaram Mo Wl DOSE @ SECONA SOUrce of exposure to rasidents of homes in which these
MY ST AR candles are used.

Vex Putacer Our industry has worked clasely with CPSC, EPA, the U.S. Department of
Housing and Urban Development, the U.S. Occupatiomal Safety and Health
Commission to bring about the end of childhood lead poiscning. Recent data
from the U.S. Centers for Disease Control and Prevention finds that the nation

{

Quoted by Reuters newservice; manuscript submitted for publication.

The Amaricon apanment indussy  wovidng fogelher jor qually, accessible, altvolsls housing




15 well on the way to eliminating childhood fead poisoning In fact, we understand that
federal offictais plan to announce that childhood lead poisoning could be vanquished by
2010 as a result of strong federal policies which haye sought to control the use of lead.

We must not permit this public health success story to be compromised by the sale and
use of candles with lead-containing wicks. There are many alternative matenals which
could be substituted for the lead compounds in wicks which would still permit the candle
to be burned without creating toxic lead vapors and dust.

As property owners, we are subject to laws on the local, state and faderal level which
require that in many circumstances, we test our properties for “lead hazards.”
According to guidance published in 1985 by the EPA, in advance of the issuance of a
rule still pending under the Toxic Substances Control Act, certain levels of lead in
house dust are considered to be “lead hazards.” Once a “lead hazard” is identified,
property owners must act (pursuant to other controlling authorities) to abate the
hazard. Our efforts to maintain a lead safe residential environment for our residents 1s
significantly compromised by the use of consumer products which release harmfut
levels of toxic lead.

Sincerely,

il hae

Eileen Lea Ph D.
Vice President of Environment

Attachment

cc Honor'able C. Browner
Honorable A, Cuomo
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© Bruselies assessment for candles having Pb metal wick cores
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' Res 1990: Abstract
':;g;tcé;: Segments of seven candles with wicks having a Pb metal core have been tested & purpose-built combustion
Meybeck M, chamber to assesy ar Pb emussions. Emissions were collected on glass fibre filters that have been digested m
uson, 1993 concentraied HNO, and analysed by flame atomuc absorpuon spectroscopy (FAAS) Despite an wdicavon of a
bimedal distibution m Pb eruission rates, and a range from 450 to 1130 pg Pb/k, the mean rate from the seven
en G Supply candles was 770 ug Pb/h. The 38-cm long candles are, on average, capable of emittng 104000 wg of Fb into the ur
ecofystems, over ~ 127 h. A mean value of 209 of the Pb metal mn the wick consumed by the candle 18 emutted meo the air, the
9 (n press) remainder appears to accumulate at the base of a molten wax-pool adjacent to the wick. lndvdual Po-beanng
iteade, Man- particles from the combuston of candles were observed in a field emussion scannung electron micrescope (FESEM) to
11018973 la have a diameter of 1 wm or less The emussion from the candles has beca analysed by X-ray ciffraction (XRD) and -
jand, 1898, wdentufied as Sodium Lead Carbonate Hydroxide (NaPb,(CO,),OH] This compound, bemg a Pb carbonate, s lkely
m*“‘“‘:“ to be easily absorbed m the [ungs and gastrowtestnal tract. Risks associated with inbalational exposure have bee
Jarversity assessed after determumung mndoor lead n ar (PbA) concentranons. Given a lack of mformaton on the darston of
¢ 1on congent use of candles, 2 range of scenanos from worst possibie case to daily and weekly burning repimes are evaluated,
ta loading | Detaled evaluations of PbA are based on the enussion from 2 single candle at rates of 500 and 1000 kg Pb /B, room
volumes of 25 and 50 m’, durations of enussion of 1.5, 3 and 6 & and awr infiltration rates of 0, 0.25, 05, 0.75 and 1 0
air volume changes per hour (ACH) A candle burnt for 3 h at 1000 wg/h in a 50 m® room having poor ventilaton at
025 ACH s esnmated to yield 4 24-h average lead n air concentration of 99 pg/m® wrth a peak PbA value of 421
kg/ur' Daily exposure to such candle burmng where chuldren spend 80% of therr me wndoors = likely to elevare
PbB 1n children by 3 mmumum of 24 to 40 1g/dl, accordng to the PbB PbA relanonship of Brunekreef, 1984 (The
relanonship berween arr lead and blood lead 1n cluldren a cnincal review) Esumating child Ph uptake from first
phnciples wing a range of exposure factors, a child would obtain some 85 to 127% of the proviional wlerable
weekly Pb ntake (PTWL) from such daily exposure. Chuld blood lead levels could readily exceed levels of 10 pg/dt,
largely due to exposure to emussions from burrung Pb wick core candles for several hours once per weele The regular
burning of multple candles 1 smail, poorly venulated spaces could readily be 2sgociated with clrucal P porsauings
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E
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and death High levels of expusure could occur with Pb metal core wick candles in less developed wountries where
candles are used on a daily basis for indoor hghting purposes 1n small dwellings. Projonged burning of candles may
occur in religious and  ceremontal qreumstances or restuarants where they may de of particular concern QOn the
basis of the hrmuted tnvesugation carned out, candles havmg a wick with a Pb metal core have the potential to presene
tughly unacceprable and avoidable nsks to human health @ 1999 Elsevier Saience B V' All nghts reserved
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Y. Introduction

A range of candles sold m Adelaide, South
Austraha and manufactured in the Peoples Re-
public of Chma have metal cores to a fabric-based
candle wick sheath.

The nsks associated with the candles were con-
sidered to relate mostly to any potential for ar
enussion of metal fumes and subsequent nhala-
tional exposure. A proportion of metal particles
released mto the awr could be deposited indoors
as dust and then pose a hazard particularly to
young children due to the potential for ingestion
owmg to normal hand-te-mouth and mouthmg
behaviours.

The potential for chuldren to access wicks con-
taimng hazardous metal or metal combuston
products such as metal oxides 15 a related wssue

A survey of the metals 1 wick cores encoun-
tered a range of metals and metaf alloys mn the
candle wacks, but the mvestigaton here evaluates
a relatively tall 38-cm long candle form that had
Pb metal wick cores.

Partcular concerns exist in ctelaton to Pb expo-
sure of women of reproductive age, pregnant
women and young children. There 15 a need to
prevent such exposures (Albance to End Chuld-
hood Lead Poisonmng and Enviropmental De-
fence Fund, 1994, NSW LRC, 1997, Subergeid,
1997). This munal nsk assessment must focus on
the most susceptble group namely children Blood
Pt levels (PbB) of 10 ug/dl and of 150 pg/dl
represent, respectvely, a currently accepted con-
centraton that chuld-populations should prefer.
ably not exceed and a level at whuch death is
highly likely (NSW LRC, 1957).

Oune unknown 13 the frequency and duration of
burming of candlés and mmtially precautionary es-

timates of sk may be warranted to account for
this and other uncertainues. A wide range of
possible exposure scenarios inclnding worst case
scenarios need to be evaluated 30 as to account
for a wide range of conditions of use of candles.
The relatively low cost of these parncular candles
makes both extensive and repeatad. use possibls.
High levels of exposurs may occur with ths
genenc type of metal core. wick candle in Jess
developed comtries where candles are-used ora
daily basis for mdoor lighting purposes ur small
dwellings. Prolonged’ burning of candles may oc-
cur in religious and i caremonmal circumstances.

11 Rusk assessment

The determmants of inhalational exposure in-
clude the emussion rare from the candle, numbers
of candles pumt, the duration and frequency of
burning of candles, the volume of the room or
bouse, the infiltration of diluting air and the
duration of exposure of home occupants, In addi-
tion the nisks will depend on the particte size of
any enutred matenaly and propensity for deposi-
tion m the lung and the solubility of any such Pb
compounds

Limited guidance 15 avaifable from exisung lead
m ar (PbA) standards. In Australia the recom-
mended maximem outdoor ambient lead wn air
level 1s 15 pg Pb/m’ (Brown, 1997} and the
standard for occupatonal exgosure (NOHSC,
1995) 15 150 wg Pb/m? These exposure standards
are¢ 90-day running means and 8 hour averages
respectively. The occupational exposure standard
1s newher appropnate for children, women of
childbeanng age oormdoor residental expostites,

i




